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This document c o n s t i t u t e s  a p o r t i o n  of the f i n a l  r e p o r t  under c o n t r a c t  
NAS 1-6971, O r b i t i n g  Experiment f o r  study of Extended Weightlessness,  f o r  the 
Langley Research Center,  Nat ional  Aeronautics and Space Adminis t ra t ion,  
Hampton, V i r g i n i a .  The following 6 documents comprise the  t o t a l  r e p o r t :  

NASA CR-66507 Volume I Summary 

NASA CR-66508 Volume I1 System D e f i n i t i o n  

NASA CR-66509 Volume I11 Spacec ra f t  Prel iminary Design 

NASA CR-66510 Volume N Laboratory T e s t  Model 

NASA CR-66511 Volume V Program Plans 

NASA CR-66512 Volume V I  O r b i t i n g  Primate Spacec ra f t  
App l i ca t ions  

This r e p o r t  summarizes the r e s u l t s  of a d e f i n i t i o n  study of a s p a c e c r a f t  
system t o  support  two pr imates  i n  unattended, we igh t l e s s ,  e a r t h - o r b i t a l  f l i g h t  
f o r  extended pe r iods  of time. The experiment i s  planned a s  p a r t  of t he  Apollo 
App l i ca t ions  Program; the  s p a c e c r a f t  launched a s  a LEM s u b s t i t u t e  on an AAP 
f l i g h t ;  t h e  pr imates  recovered by Astronaut EVA on a l a t e r  f l i g h t  and r e tu rned  
t o  e a r t h  i n  r e t r i e v a l  c a n i s t e r s  w i t h i n  the Command Module. I n t e n s i v e  pos t -  
f l i g h t  examination is  planned t o  a s c e r t a i n  even s u b t l e  phys io log ica l  changes 
i n  t h e  primates due t o  t h e i r  extended exposure t o  we igh t l e s sness .  The study 
inc ludes  d e f i n i t i o n  of mission p r o f i l e  and Apollo Applicat ions Program i n t e r -  
f aces ,  prel iminary design o f  t he  spacec ra f t ,  and planning f o r  subsequent 
phases o f  t h e  program. 
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Achievement of t h e  long range g o a l s  of t h e  n a t i o n ' s  space programs may 
r e q u i r e  t h a t  a s t r o n a u t s  be exposed t o  extended pe r iods  of we igh t l e s sness .  
The e f f e c t s  of t h i s  we igh t l e s s  environment on man's b i o l o g i c a l  p rocesses  are 
no t  y e t  completely known. Manned space f l i g h t s  t o  d a t e  have been of l i m i t e d  
d u r a t i o n ,  bu t  i n d i c a t e  t h e  p o s s i b i l i t y  of a number of p o t e n t i a l  e f f e c t s  occur- 
r i n g  when man i s  exposed t o  prolonged per iods of we igh t l e s sness .  
t h e s e  e f f e c t s  may only be observed as s y b t l e  changes i n  t h e  body systems, y e t  
could have s i g n i f i c a n t  bear ing on a s t ronau t  performance o r  w e l l  being. 

Some of 

To i n v e s t i g a t e  and observe t h e s e  p o t e n t i a l  e f f e c t s  on pr imates  as a b a s i s  
f o r  e v a l u a t i n g  and e x t r a p o l a t i n g  t h e  e f f e c t s  on man, t h e  NASA Of f i ce  of 
Advanced Research and Technology, i n  conjunct ion w i t h  D r .  Ashton Graybiel  of 
t h e  Naval Aerospace Medical I n s t i t u t e ,  has proposed an  "Orbiting Experiment 
f o r  Study o f  Extended Weightlessness." Such an  experiment would provide both 
p h y s i o l o g i c a l  and engineer ing experience upon which extended f l i g h t  s p a c e c r a f t  
des ign  can be based. The prel iminary design s tudy r e p o r t e d  h e r e i n  i s  an evo- 
l u t i o n a r y  s t e p  toward t h e  accomplishment of t h e  extended we igh t l e s sness  
experiment . 

This  w a s  a p re l imina ry  design d e f i n i t i o n  under Contract  NASA 1-6971 
t o  t h e  Na t iona l  Aeronautics and Space Administration, Langley Research Center. 
The s tudy d e f i n e s  a s p a c e c r a f t  system which would support  two unres t r a ined  
p r ima tes  i n  e a r t h  o r b i t  f o r  pe r iods  up t o  one yea r ;  would provide b a s i c  physio- 
l o g i c a l  and engineer ing d a t a  f o r  experiment eva lua t ion ;  and would provide f o r  
l i v e  r e t r i e v a l  of t h e  pr imates  a t  t h e  end of t h e  f l i g h t  mission. While t h e  
s tudy w a s  d i r e c t e d  toward the  d e f i n i t i o n  of an independent s p a c e c r a f t  system 
t o  perform we igh t l e s sness  experiments with pr imates ,  t h e  r e s u l t s  of t h e  study 
p a r t i c u l a r l y  i n  t h e  subsystems eva lua t ion  and program p l a n  areas, may have 
d i r e c t  a p p l i c a t i o n  t o  o t h e r  biotechnology s p a c e c r a f t  programs. 

The s tudy  w a s  conducted w i t h i n  t h e  Space Systems Sec t ion  of Northrop 
Systems Labora to r i e s ,  under t h e  d i r e c t i o n  of M. 0. Hesse, Program Manager. 
The L i f e  Sc iences  e f f o r t s  r e l a t i n g  t o  primate physiology and behavior were 
d i r e c t e d  and coordinated by D r .  R. Lindberg of t h e  Northrop L i f e  Sciences 
S e c t  ion.  

AiResearch Manufacturing Company, a Divis ion of t h e  Garrett Corporat ion,  
w a s  employed as a c o n s u l t a n t  t o  Northrop i n  t h e  areas of environmental c o n t r o l  
and waste management. 

The coope ra t ion  of numerous Government agencies  i s  acknowledged f o r  pro- 
v id ing  up-to-date  information. These agencies suppl ied information concerning 
Saturn/Apollo App l i ca t ions  Program, t h e  Apollo s p a c e c r a f t ,  launch v e h i c l e s ,  
a s s o c i a t e d  ground equipment, t r a c k i n g  and command networks, and launch f a c i l i -  
t ies.  Astronaut  e x t r a v e h i c u l a r  a c t i v i t y  and t r a i n i n g  information and primate 
metabol ic ,  behav io ra l ,  and phys io log ica l  c h a r a c t e r i s t i c s  were suppl ied 
as w a s  c u r r e n t  information on hardware development programs t h a t  could 
have a p p l i c a t i o n  i n  t h i s  experiment. 
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The t echn ica l  guidance and coope ra t ion  of  t he  Langley Research Center  
personnel monitoring Northrop 's  c o n t r a c t  e f f o r t  and M r .  R. Bruce, Con t rac t  
Technical  Monitor, a r e  e s p e c i a l l y  acknowledged. 

An index of the t o t a l  documentation submitted during the  c o n t r a c t u a l  
pe r iod ,  including the  f i n a l  r e p o r t ,  i s  g iven  i n  Appendix A. 
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INTRODUCTION AND SUMMARY 

This  r e p o r t  summarizes the  r e s u l t s  of a d e f i n i t i o n  study of a s p a c e c r a f t  

The purpose of the o r b i t i n g  experiment, a s  s t a t e d  i n  
system t o  be designed f o r  support  of the Orbi t ing Experiment f o r  Study of 
Extended Weightlessness.  
t he  Con t rac t  NASA 1-6971 Work Statement,  is t o  study the e f f e c t s  of extended 
we igh t l e s sness  on two primates while  i n  unattended e a r t h  o r b i t  f o r  per iods up 
t o  one y e a r .  The engineer ing and phys io log ica l  experience der ived from t h i s  
s tudy w i l l  provide guidance i n  the cont inuing r e sea rch  program leading t o  long 
d u r a t i o n  manned f l i g h t s .  

This  s tudy r e s u l t e d  i n  the  d e f i n i t i o n  and prel iminary design of a space- 
c r a f t  which can be i n s e r t e d  i n t o  o r b i t  by a Sa tu rn  I B  launch v e h i c l e  w i th in  
the  SaturnjApollo Applicat ions (SAA) Program. The s p a c e c r a f t  subsystems a r e  
based on c u r r e n t  s t a t e - o f - a r t  concepts and u t i l i z e  e x i s t i n g  hardware t o  the  
maximum extent:  poss ib l e .  I n t e r f a c e s  between the  Primate Spacecraf t  and r e l a t e d  
segments of t he  SAA Program impose no s i g n i f i c a n t  mod i f i ca t ion  requirements on 
e x i s t i n g  SAA equipment. Mission a n a l y s i s ,  program planning and hardware s e l e c -  
t i o n s  accomplished during the  s tudy lead t o  t h e  conclusion t h a t  the o r b i t i n g  
pr imate  experiment can be conducted i n  the time frame of a l a t e  1970 launch. 

The r e s u l t s  o f  t h i s  study a r e  presented i n  a s i x  volume f i n a l  r e p o r t .  
Th i s  volume (Volume I - Summary) of t he  r e p o r t ,  summarizes the  e n t i r e  study a s  
p re sen ted  i n  g r e a t e r  d e t a i l  i n  the f i v e  subsequent volumes. 

Volume I1 - System D e f i n i t i o n ,  de f ines  t h e  subsystems r e q u i r e d  f o r  t h e  
s p a c e c r a f t ,  Requirements o f  those subsystems a r e  documented i n  t h e  Master 
End Item (MEI) S p e c i f i c a t i o n  f o r  t h e  spacec ra f t .  
a r e  def ined i n  Volume I1 a s  a r e  the r e l i a b i l i t y  concepts.  The r e s u l t s  o f  sys -  
t e m  l e v e l  t r a d e  s t u d i e s  which determined s e l e c t i o n  of t h e  major system and 
s p a c e c r a f t  c o n f i g u r a t i o n  approaches a r e  summarized i n  Volume 11. 

The SAA Program i n t e r f a c e s  

Volume I11 - Spacecraf t  Prel iminary Design, d e s c r i b e s  i n  d e t a i l  t he  sub- 
systems s e l e c t e d  and how each subsystem was i n t e g r a t e d  and synthesized i n t o  t h e  
complete s p a c e c r a f t .  The design is  f u r t h e r  presented i n  a set  of s p a c e c r a f t  
drawings and i n  the  appropr i a t e  s e c t i o n s  of t h e  s p a c e c r a f t  ME1 S p e c i f i c a t i o n .  

Volume IV - Laboratory Test Model, descr ibes  the  ground tes t  system which 
d u p l i c a t e s  t h e  major elements o f  t h e  s p a c e c r a f t ' s  l i f e  support  equipment, and 
s i m u l a t e s  t h e  f l i g h t  s p a c e c r a f t  i n  a l l  aspects  t h a t  p h y s i c a l l y  i n t e r f a c e  with 
t h e  p r ima tes  except  f o r  zero g r a v i t y .  The Laboratory T e s t  Model w i l l  be used 
t o  s u b s t a n t i a t e  t he  key subsystem approaches which have been s e l e c t e d  f o r  t he  
f l i g h t  s p a c e c r a f t .  The Laboratory Test Model w i l l  f u r t h e r  be used t o  prove 
des ign  adequacy, provide r e l i a b i l i t y  d a t a  on subsystems, and provide a model 
f o r ' t r a i n i n g  of experiment pr imates .  A s e t  o f  design drawings and an ME1 
S p e c i f i c a t i o n  f o r  the Laboratory T e s t  Model have been provided. 
of drawings and s p e c i f i c a t i o n s  c o n s t i t u t e s  t h e  d a t a  package which f u r t h e r  
d e s c r i b e s  t h e  Laboratory T e s t  Model i n  s u f f i c i e n t  d e t a i l  t o  p e r m i t  procurement 
o f  t h i s  p o r t i o n  of t h e  O r b i t i n g  Experiment Program. 

This  package 
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Volume V - Program Plans,  o u t l i n e s  a 6-month Design Phase 2 and a 21-month 

Development/Operations Phase 3 plan f o r  implementing the o r b i t i n g  experiment.  
Concurrent with t h e  i n i t i a t i o n  of t he  Phase 2 d e t a i l  s p a c e c r a f t  design,  a 10- 
month e f f o r t  f o r  d e t a i l  design,  f a b r i c a t i o n ,  and f u n c t i o n a l  t es t  of t he  com- 
p l e t e  Laboratory Test Model i s  descr ibed.  
i n  which the O r b i t i n g  Experiment Spacec ra f t  could be i n s e r t e d  i n t o  o r b i t  on SAA 
f l i g h t  N o .  218 c u r r e n t l y  programmed f o r  launch i n  l a t e  1970. 
would p e r m i t  primate r e t r i e v a l  by a s t r o n a u t s  i n  1971 on an SAA f l i g h t  i n  t h e  
l a t e r  221 t o  228 s e r i e s .  Intermediate  SAA programmed launches i n  the  2 2 1  t o  
228 s e r i e s  would p e r m i t  primate recovery a f t e r  experiment missions of approxi-  
mately s i x  months and nine months du ra t ion .  

A master  phasing schedule i s  presented 

A 1-year mission 

Volume V I  - O r b i t i n g  Primate Spacec ra f t  Applicat ions,  d e s c r i b e s  the  r e s u l t s  
of s t u d i e s  to  determine t h e  v e r s a t i l i t y  of the s p a c e c r a f t  f o r  performing add i -  
t i o n a l  experiments and f o r  a p p l i c a t i o n s  o f  t h e  s p a c e c r a f t  t o  a l t e r n a t e  mission 
modes. Areas examined f o r  extended use o f  the s p a c e c r a f t  were: 

(1) Performance of a d d i t i o n a l  experiments t o g e t h e r  w i th  the p r i m e  e x p e r i -  
ment of two primates i n  unattended, extended du ra t ion ,  zero g r a v i t y  e a r t h  o r b i t .  

(2) Performance of o t h e r  b i o l o g i c a l  experiments i n  p l ace  of t he  p r ime  
experiment of two primates i n  unattended, extended du ra t ion ,  ze ro  g r a v i t y  
e a r t h  o r b i t ,  

(3)  Application of t he  primate s p a c e c r a f t  o r  i t s  systems i n  connection 
wi th  an o r b i t i n g  l abora to ry .  

A p i c t o r i a l  r e p r e s e n t a t i o n  of t he  s p a c e c r a f t  i s  shown i n  f i g u r e  1. It i s  
10 f e e t  high, 9 f e e t  i n  diameter and w i l l  weigh approximately 5,000 pounds. 

PROGRAM OBJECTIVES 

There a r e  fou r  s c i e n t i f i c  o b j e c t i v e s  o f  t h i s  experiment program. These 
o b j e c t i v e s  a r e  a s  fol lows:  

(1) Provide phys io log ica l  and psychological  d a t a  on the  e f f e c t s  of I extended weight lessness  

(2) Delineate we igh t l e s sness  e f f e c t s  on v e s t i b u l a r  func t ions  

(3) Provide s c a l i n g  f a c t o r s  f o r  long t e r m  l i f e  support  requirements i n  
we igh t l e s s  environment 

( 4 )  
components . Provide experience on the performance of long term l i f e  support  

1 
The information obtained from t h i s  experiment w i l l  provide a b e t t e r  under- 

s t and ing  of e f f e c t s  caused by a ze ro  g r a v i t y  environment. O f  p a r t i c u l a r  
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A t t i t u d e  c o n t r o l  
Dockina collar - I /  1 

Waste 
unit - 

Data antenna 

Television camera 
Environmental 

' )I 'watertank 

Nitrogen tank 

Command & control electronics 

Figure 1. - Isometric view of orbiting primate spacecraft 

i n t e r e s t  w i l l  be t h e  obse rva t ion  o f  sub t l e  p h y s i o l o g i c a l  changes which cannot 
be a n t i c i p a t e d  o r  p o s t u l a t e d  a t  t h i s  time, b u t  might appear a f t e r  a long term 
test .  

To achieve these  o b j e c t i v e s ,  t h e  experiment c a l l s  f o r  two pr imates  (Rhesus 
monkeys, Macaca m u l a t t a )  t o  be completely u n r e s t r a i n e d  during t h e  t e s t  pe r iod  
of s i x  months t o  one y e a r  while  i n  a near e a r t h  o r b i t  and a ze ro  g environment. 
The t e s t  would be conducted i n  a two gas atmospheric environment, while  con- 
t i nuous  b i o l o g i c a l  and engineer ing d a t a  are  acqu i r ed  and t r a n s m i t t e d  t o  t h e  
ground through the  Manned Space F l i g h t  Network. 
by t e l e v i s i o n  monitors .  A t  t h e  end of the o r b i t a l  mission the two pr imates  
would be r e t r i e v e d  a l i v e  i n  independent Recovery Capsules and r e t u r n e d  t o  
e a r t h  i n  t h e  Apollo Command Module. 

The pr imates  would be observed 

This  experiment i s  proposed as p a r t  of t he  SaturnlApollo Applicat ions Pro- 
gram and e s t a b l i s h e s ,  as a goal ,  a space experiment s t a r t i n g  i n  the  per iod of 
mid o r  l a te  1970. 
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STUDY OBJECTIVES AND GUIDELINES 

Objec t ives  

The p r i n c i p a l  o b j e c t i v e  of the prel iminary design s tudy was t o  d e f i n e  an  
O r b i t i n g  Primate S p a c e c r a f t  t h a t  could support  t h e  Weight lessness  Experiment. 
Basic  t o  t h i s  d e f i n i t i o n  is suppor t ing  ana lyses ,  prel iminary s p a c e c r a f t  design,  
and p repa ra t ion  of s p e c i f i c a t i o n s  and drawings. The d e f i n i t i o n  inc ludes  
i d e n t i f i c a t i o n  of system i n t e r f a c e s  f o r  compat ibi l  i t y  be tween t h e  s p a c e c r a f t ,  
t h e  experiment, and the  Saturn/Apollo Applicat ions Program. 

A f u r t h e r  o b j e c t i v e  was t o  d e f i n e  a Laboratory Test Model which can be 
used t o  demonstrate t he  L i f e  Support subsystem des igns  and t o  p r e p a r e  t h e  
s p e c i f i c a t i o n s  and drawings t o  permit  procurewent of the Laboratory T e s t  Model. 

Program plans f o r  implementing t h e  Laboratory T e s t  Model procurement and 
f o r  o u t l i n i n g  the  subsequent Phase C and Phase D programs f o r  development of 
t h e  f i n a l  f l i g h t  s p a c e c r a f t  were a d d i t i o n a l  o b j e c t i v e s  of t h e  s tudy .  

Guidel ines  

S p e c i f i c  c o n t r a c t u a l  g u i d e l i n e s  t o  be followed i n  d e r i v i n g  the  s p a c e c r a f t  
d e s i g n  a re  presented a s  requirements and c o n s t r a i n t s  i n  t h e  System D e f i n i t i o n  
d i s c u s s i o n  and i n  the  a p p r o p r i a t e  Subsystem d i s c u s s i o n s  i n  the  Spacec ra f t  Pre- 
l imina ry  Design, Volume 111. Those g u i d e l i n e s  d e l i n e a t e  numerous d e t a i l e d  
requirements t h a t  the va r ious  s p a c e c r a f t  sybsystems m u s t  meet. 

The more g e n e r a l  s tudy  g u i d e l i n e s  t h a t  were imposed on t h e  o v e r a l l  system 
a r e  l i s t e d  below: 

(1) The O r b i t a l  Spacec ra f t  c o n f i g u r a t i o n  should be compatible w i t h  one 
o r  more loca t ions  i n  the  Saturn/Apollo c o n f i g u r a t i o n .  

(2)  The s tudy should inc lude  some a n a l y s i s  of t he  i n i t i a l  assembly of 
equipment hardware i n t o  the  Apollo Vehicle.  

(3 )  The s tudy should inc lude  c o n s i d e r a t i o n  of t h e  launch environment on 
t h e  animal and on t h e  s p a c e c r a f t  design. 

( 4 )  Use of t he  a s t r o n a u t s  f o r  s p a c e c r a f t  i n j e c t i o n  i n t o  o r b i t  a n d - f o r  
s a f e  EVA recovery of t h e  primates i s  t o  be included i n  the  s tudy.  

(5) The s p a c e c r a f t  must be compatible w i t h  the Saturn/Apollo App l i ca t ions  
Program. 

( 6 )  The s p a c e c r a f t  d e s i g n  should be developed around p rev ious ly  q u a l i f i e d  
hardware to  the maximum e x t e n t  p o s s i b l e  wi th  emphasis being p l ace  on high r e -  
1 i a b  i 1 i t y  . 
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A s i g n i f i c a n t  Northrop der ived guidel ine t h a t  was used i n  t h e  t r a d e  study 
e v a l u a t i o n s  and s e l e c t i o n s  of design approaches was t h a t  s e l e c t i o n s  be based 
p r imar i ly  on the  fol lowing f a c t o r s  i n  the o rde r  shown: 

(1) R e l i a b i l i t y  

(2) 
(3) Apollo Compatibi l i ty  

( 4 )  Component A v a i l a b i l i t y  

Performance Cap ab i li t y  

(5) € o s t  

Study Approach 

The methodology used t o  conduct the study i s  i l l u s t r a t e d  i n  f i g u r e  2. 

The requirements d e f i n i t i o n  cons i s t ed  of a comprehensive review and analy-  
s i s  of t he  experiment and mission requirements t o  the p o i n t  where those r e q u i r e -  
ments could be s t a t e d  i n  d e t a i l  as  physical  parameters t o  be met by va r ious  
system elements and s p a c e c r a f t  subsystems. This d e f i n i t i o n  d e t a i l e d  t h e  pro- 
gram c o n s t r a i n t s  a s  cond i t ions  w i t h i n  which the  requirements must be m e t .  The 
requirements ,  c o n s t r a i n t s  and a t t e n d e n t  primate c h a r a c t e r i s t i c s  d e s c r i p t i o n ,  
mission,  EVA, and telecommunications analyses ,  and the launch v e h i c l e  i n t e r -  
f a c e s  were documented i n  a Mission and Experiment Requirements Digest  ( r e f .  l), 
which se rved  a s  a compendium o f  d e t a i l e d  da t a  f o r  use i n  subsequent s tudy 
a c t i v i t i e s .  The experiment requirements and the mission requirements p o r t i o n  
of t h e  Diges t  c o n s t i t u t e d  a comprehensive d e f i n i t i o n  of the problems t o  be 
so  lved . 

The system and subsystem eng inee r ing  a c t i v i t i e s  i n v e s t i g a t e d  the  a l t e r n a t e  
approaches t o  s o l v i n g  those problems i n  an i n t e g r a t e d  s p a c e c r a f t  which would 
meet subsystem requirements and be compatible wi th  o t h e r  elements o f  t he  system. 
Evaluat ions and s e l e c t i o n s  of optimum approaches were performed i n  t r a d e - o f f  
s t u d i e s  which were documented a s  system l e v e l  ( r e f .  2 )  and subsystem l e v e l  
( r e f .  3)  t r a d e  s t u d i e s .  

The d e s i g n  a c t i v i t y  then mechanized the s e l e c t e d  approaches i n  prel iminary 
des ign  drawings ( ref .  4 ,  5 ) ,  and d e s c r i p t i o n s  of equipment and components 
( r e f .  6 )  f o r  both t h e  f l i g h t  s p a c e c r a f t  and a Laboratory Test  Model of t he  
s p a c e c r a f t .  Addi t ional  loads ( r e f .  7) and s t r e s s  ( r e f .  8) analyses  were per-  
formed a t  t h i s  p o i n t  t o  the  e x t e n t  t h a t  the s t r u c t u r a l  i n t e g r i t y  of t h e  b a s i c  
s p a c e c r a f t  con f igu ra t ion  was v e r i f i e d .  

Program Planning included the preparat ion of f u n c t i o n a l  plans which ou t -  
l i n e  the  necessary a c t i v i t i e s  and schedules f o r  implementing subsequent phases 
of t h i s  program and the p repa ra t ion  of s p e c i f i c a t i o n s  f o r  the Laboratory T e s t  
Model ( r e f .  9)  and t h e  f l i g h t  s p a c e c r a f t  ( r e f .  10). The s p e c i f i c a t i o n s  were 
prepared t o  the  format of the Apollo Configurat ion Management Manual, NPC 500-1, 
and Supplement 1, f o r  consis tency wi th  the SAA Program. The f u n c t i o n a l  p l ans  
a r e  p re sen ted  i n  the  Appendices of Volume V - Program Planning, of t h i s  r e p o r t .  
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SYSTEM DEFINITION 

Requirements and C o n s t r a i n t s  

The fundamental requirements  and c o n s t r a i n t s  which l e d  t o  the gene ra l  
des ign  approaches f o r  t he  O r b i t i n g  Primate Spacec ra f t  were given a s  program 
o b j e c t i v e s  and study g u i d e l i n e s .  More s p e c i f i c  des ign  c r i t e r i a  were de r ived  
from the  primate environment, metabolic,  and i n s t rumen ta t ion  requirements 
which must be m e t  t o  s u s t a i n  and analyze the experiment du r ing  the  o r b i t a l  
period, Those requirements  are summarized i n  t a b l e s  1 and 2. A 250 n a u t i c a l  
mi l e  c i r c u l a r  o r b i t  was s e l e c t e d  i n  the mission a n a l y s i s  t o  a s s u r e  an o r b i t  
l i fe t ime c a p a b i l i t y  i n  excess  of 1 y e a r .  

TABLE 1. - SPACECRAFT DESIGN REQUIREMENTS 

I I t e m  

Duration i n  o r b i t  

Acce le ra t ion  i n  o r b i t  

L i f e  c e l l s  

I l l u m i n a t i o n  

Noise 

P res  sure  

Oxygen 

Carbon d iox ide  

Nitrogen 

Re 1 a t  ive humid i t y  

Temperature 

Contaminants 

Water 

Food 

Waste 

Requirement 
~ ~ 

One year 

Less than 0.001 g;  0.01 g t r a n s i e n t s  permit ted 

25 cubic  f e e t  per primate d e s i r a b l e  

14 hours a t  25 f t - c ;  10 hours a t  0.01 f t - c  

Less than 50 db d e s i r a b l e ;  90 db maximum 

760 f 100 mm Hg (14.7 p s i a  f 2 p s i a )  

160 * 20 mm Hg (consumption: 

0 t o  5 mm Hg (production: 177 lb/year /pr imate)  

Balance o f  760 2 100 mm Hg pres su re  

60 f 15% wi th  f 25% excur s ions  f o r  2 days 

73" k 4" F a t  50% r e l a t i v e  humidity 

Within human tolerance l i m i t s  

33 3 lb/ye ar /  p r  ima t e  

120 lb/year /pr imate  (CIBA p e l l e t s )  

Remove by 30 f t /min a i r f l o w  
(water production: 3 89 lb/ye ar /pr imate)  
( s o l i d s  production: 32 lb/year /pr imate)  

144 lb /yea r /p r ima te )  
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TABLE 2. - INSTRUMENTATION REQUIREMENTS 

Parameter 

Body mass 

Body temperature 

Elec t rocard iograph  

Resp i r a to ry  ra te  

A c t i v i t y  

Sound 

Appearance 

Range 

4 t o  8 Kg 

95 t o  105°F 

-1 t o  +1 Mv 
20 t o  60 BPM 

10,000 t o  

day 

20 -20,000 

40,000 
counts  p e r  

Hz 

Close and 
wide angle  
l e n s  

7 

9ccuracy & frequency 

t 1% 4 p e r  day 

t0.2"F 1 2  p e r  hour  

k2% 5 min every 6 hours  

t l  BPM 12 p e r  hour 

? lo0  Accumulate counts  
counts each minute 

Voice key ------ 

- - _ - - -  1 min each d a y l i g h t  
hour 
1 min a t  midnight 
1 min a t  l i g h t s  on 
1 min a t  l i g h t s  o u t  
30 sec r e a l  t i m e  
over  s t a t i o n  

SaturnIApo 110 App 1 ica t ions Program I n t e r f a c e s  

The O r b i t i n g  Primate S p a c e c r a f t  w i l l  he launched d u r i n g  a SaturnIApollo 
Applicat ions mission and t h e  animals w i l l  be recovered one y e a r  l a t e r  by a 
second SAA mission f l i g h t  without  compromising e i t h e r  b a s i c  mission.  The 
O r b i t i n g  Primate Spacec ra f t  and i t s  ground suppor t  equipment must be i n t e -  
g r a t e d  i n t o  the  SAA launch schedule  and must i n t e r f a c e  w i t h  t h e  MSOB and f a c i -  
l i t i e s  a t  Launch Pads 34 o r  37B a t  Kennedy S p a c e f l i g h t  Cen te r .  

During the prelaunch and launch ope ra t ions ,  t h e  s p a c e c r a f t  i n t e r f a c e s  
d i r e c t l y  with t h e  launch v e h i c l e  S p a c e c r a f t  LEN Adapter (SLA) area as w e l l  a s  
t h e  ATM rack .  In t ense  broad-band random a c o u s t i c  no i se  levels  e x i s t  w i t h i n  
t h e  SLA because of S a t u r n  I B  engine no i se  a t  l i f t - o f f  and du r ing  t r a n s o n i c  
and maximum Q p o r t i o n s  o f  f l i g h t  due t o  aerodynamic tu rbu lence  along the  SLA 
s u r f a c e .  Peak a c o u s t i c  v i b r a t i o n  levels of  approximately 2 db below r e f e r e n c e  
(150 db) w i l l  be  experienced a t  t h e  maximum Q p o i n t  i n  t h e  launch t r a j e c t o r y .  
Peak v i b r a t i o n  l e v e l s  a t  t h e  s p a c e c r a f t  l o c a t i o n  w i t h i n  t h e  SLA, are 0.3 G2/CPS 
i n  t h e  15 t o  30 Hz range. 
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I n  undergoing the Hohmann t r a n s f e r  t o  250 n a u t i c a l  mi l e s ,  the s p a c e c r a f t  
i n t e r f a c e s  wi th  the  Command Module docking mechanism. Following i n s e r t i o n  
i n t o  o r b i t ,  the d i r e c t  i n t e r f a c e  i s  with the MSFN f o r  communication purposes. 

During the  animal recovery phase, t h e  two recovery capsules  i n t e r f a c e  wi th  
the  Apollo a s t r o n a u t s  and the i n t e r i o r  of the Command Module. The i n t e r f a c e s  
a r e  phys i ca l ,  thermal, and e l e c t r i c a l  i n  nature i n  o rde r  t o  provide stowage, 
a h e a t  s i n k  and e l e c t r i c  power f o r  the capsules ,  During atmospheric r e e n t r y ,  
t he  recovery capsules  and t h e  animals w i l l  be sub jec t ed  t o  a x i a l  a c c e l e r a t i o n  
l e v e l s  o f  9.0,  v i b r a t i o n  l e v e l s  of 3 . 9  g rms maximum and no i se  l e v e l s  o f  117 dh 
maximum . 

Mission P r o f i l e  

Analysis of t he  Saturn/Apollo launch c a p a b i l i t y  i n d i c a t e d  t h a t  t h e  p re -  
f e r r e d  o r b i t  i n s e r t i o n  mode u t i l i z e s  the CSM t o  i n s e r t  the primate s p a c e c r a f t  
i n t o  the  f i n a l  o r b i t .  N o  o r b i t a l  plane change maneuver i s  r equ i r ed ,  hence 
the  primate mission would be conducted a t  a nominal 28.5" o r b i t  i n c l i n a t i o n .  

The mission p r o f i l e  i s  based on an o r b i t a l  i n s e r t i o n  sequence as fol lows:  

(1) 
ca l  miles. 

SIB s t a g e  of Sa tu rn  I B  f i r e s  from l i f t - o f f  t o  approximately 40 n a u t i -  

(2) SIVB s t a g e  f i r e s  from 40 n a u t i c a l  m i l e s  and p l a c e s  i t s e l f ,  t h e  CSM, 
and O r b i t i n g  P r i m a t e  Spacecraf t  i n t o  a 100 n a u t i c a l  m i l e  parking o r b i t .  

(3) CSM s e p a r a t e s  from S - I V B  and docks w i t h  Orb i t ing  Primate Spacec ra f t .  

( 4 )  SM engine f i r e s  and i n c r e a s e s  CSM/OPS o r b i t a l  v e l o c i t y .  

(5) CSM/OPS Hohmann t r a n s f e r  t o  250 n a u t i c a l  m i l e s .  

( 6 )  SM engine f i r e s  t o  c i r c u l a r i z e  o r b i t a l  a l t i t u d e  a t  250 n a u t i c a l  m i l e s .  

(7) CSM r e l e a s e s  Orb i t ing  P r i m a t e  Spacecraf t  t o  o r b i t  f o r  one yea r .  

(8) CSM p o s i t i o n  f o r  CM r e t u r n ;  CM r e t u r n s  t o  e a r t h ,  

The recovery sequence i s  similar t o  the i n s e r t i o n  sequence i n  r ega rd  t o  
t h e  boos te r  and o r b i t a l  a l t i t u d e s .  After  CSM rendezvous wi th  t h e  O r b i t -  
ing Primate Spacec ra f t ,  t h e  animals are removed i n  t h e i r  recovery capsu le s  
and s t o r e d  i n  t h e  cM. The Orb i t ing  Primate Spacec ra f t  i s  t h e n  d e a c t i v a t e d  
and l e f t  i n  o r b i t ,  wh i l e  t h e  CM r e e n t e r s  t h e  e a r t h ' s  atmosphere. 

Table 3 l i s t s  t h e  SAA f l i g h t  schedule involving t h e  Saturn I B  b o o s t e r s  t h a t  
The s tudy i n d i c a t e s  a f i r s t  choice f o r  performing are assigned t o  t h e  program. 

O r b i t i n g  Primate Spacec ra f t  o r b i t a l  i n s e r t i o n  would be F l i g h t  No. 218,  while  
any of t h e  f l i g h t s  numbered 221-228 could be used f o r  t h e  animal recovery 
m i s  s ion.  
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The s tudy  r e s u l t e d  i n  t h e  s e l e c t i o n  of manned Sa tu rn  I B  boos t e r s  f o r  both 
the  i n s e r t i o n  and recovery phases o f  the mission. Since the primate space- 
c r a f t  i s  designed t o  the c o n s t r a i n t s  of the Apollo system, the  Sa tu rn  V could 
a l s o  be used a s  a launch v e h i c l e .  An Atlas  Centaur could be used a s  an 
unmanned o r b i t a l  i n s e r t i o n  v e h i c l e  since it i s  capable o f  p l a c i n g  8,000 t o  
9,000 pounds i n t o  the  r equ i r ed  o r b i t .  I n  a s i m i l a r  manner, the T i t a n  I11 
launch v e h i c l e  family could be used s i n c e  they have the c a p a b i l i t y  of i n j e c -  
t i n g  8,000 t o  20,000 pounds i n t o  the  required o r b i t .  

System and Subsystem Engineering 

Eva lua t ion  and s e l e c t i o n  of t h e  approaches t o  meet t h e  v a r i o u s  r e q u i r e -  
ments were performed i n  t r a d e - o f f  s t u d i e s .  A l l  t r a d e - o f f  s t u d i e s  were con- 
ducted and documented fol lowing a standard format t o  ensure c o n s i s t e n t  and 
i n t e g r a t e d  eva lua t ions .  Each t r a d e  study presented the  fol lowing information:  

(1) Requirements and C o n s t r a i n t s  

(2) A l t e r n a t e  Approaches 

(3) Comparison of Approaches 

( 4 )  S e l e c t e d  Approach 

By f i r s t  l i s t i n g  a l l  of the requirements and c o n s t r a i n t s  involved i n  a 
system o r  subsystem s y n t h e s i s  process  and then  analyzing t h e  a l t e r n a t e  approaches 
t h a t  could be used, a feedback loop is e s t a b l i s h e d  between the  t r ade  study and 
design requirements.  Then, a comparison of p o s s i b i l i t i e s  l eads  t o  a s e l e c t e d  
approach t h a t  not  only b e s t  f i t s  the needs of the subsystem i n  ques t ion ,  b u t  
a l s o  the  system as a whole. Table 4 l i s t s  t h e  system t r a d e  s t u d i e s  ( r e f .  2 )  
and t a b l e  5 l i s t s  t h e  subsystem t r a d e  s t u d i e s  ( r e f .  3)  generated i n  t h e  proc- 
ess of op t imiz ing  the o v e r a l l  system. 

A t y p i c a l  example of system, subsystem, and parameter i n t e r a c t i o n s  is  
i l l u s t r a t e d  i n  f i g u r e  3 which i n d i c a t e s  the ranges of t o t a l  s p a c e c r a f t  weight 
as a f u n c t i o n  of mission d u r a t i o n .  

TABLE 4 .  - SYSTEM TRADE STUDIES 

T i t  l e  

Spacec ra f t  Envelope and Mass 
P r o p e r t i e s  

Sepa ra t ion ,  Recovery Docking and 
EVA 

P res su re  Envelope 

@roach Se lec t ed  - 
Mount s p a c e c r a f t  i n  SLA area using 
ATM Rack f o r  launch 

CSM withdraws pr imate  s p a c e c r a f t  
from SLA;hard dock,EVA v e r i f i e d  
over IVA 

L i f e  Cells and ECS loca ted  i n s i d e  
p r e s s u r e  s h e l l  
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TABLE 4 .  - (concluded) 

. 
. 

T i t  l e  

Power Subsystem - System 
I n t e r a c t  i on  

Communications 

Apollo GSE ( E l e c t r i c a l )  

O r b i t a l  TV Monitoring 

Apollo Payload Analysis  
( I n s e r t i o n  Phase) 

Apollo Payload Analysis  
(Recovery Phase) 

Approach Se lec t ed  

TABLE 5. - SUBSYSTEM TRADE STUDIES 

~ ~ 

Life  Support 

Thermal Cont ro l  

S t ruc tu re  and 
Me ch a n i  c a 1 

Pho tovo l t a i c /Ba t t e ry  

MSFN Redundant telecommunications 
i n  s p a c e c r a f t  

GSE independent of ACE 

Apollo TV l i n k  

S - I V B  t o  100 n a u t i c a l  mi l e s  - CSM 
from 100 - 250 n a u t i c a l  m i l e s  

Delayed rendezvqus and r easonab le  
launch window 

Subsystem T i t  le  

Atmo sphere Sup p l y  
Atmosphere Con t ro l  
Humidity and Temperature Con t ro l  
Carbon Dioxide Cont ro l  
Contaminant Contro 1 
ECS Thermal Management 
Waste Management 
Food Supply and Dispenser  
Waterer 
Animal Cage 
Recovery Capsule 
Recovery Capsule ECS 
Mass Measurement 
Thermal Con t ro l  Subsystem 

S t r u c t u r e ,  General  Arrangement 6 Const ruc t ion  
Primate Recovery Capsule S torage  
O r b i t i n g  Spacec ra f t  Sepa ra t ion  Concepts 
Deployment Devices (Solar  Panel)  
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TABLE 5. - (concluded) 

Subsys t e m  I I n s  t rument a t ion  

E l e  c tr i c a  1 Power 
and Cabling 

T i t  le  

Te lev i s ion  Mechanization 
Monkey Motion Monitor 
B i o  t e  leme try Rece i v  ing Equ ipmen t 
Remote Versus Cen t ra l i zed  S igna l  Condi t ioning 
Radiat ion Dosimeter Instrumentat ion 

OPS Tracking Network Optimization 
Launch Phase Data Transmission 
Data Handling 

Cen t ra l i zed  Versus Remote Control  
Data Encoding 

Power Subsystem 

At t i t ude  Control 

System Descript ion 

The c o n f i g u r a t i o n  t r e e  of t he  t o t a l  i n t e g r a t e d  system r e s u l t i n g  from t h e  
t r a d e  s t u d i e s  and prel iminary design i s  shown i n  f i g u r e  4 .  
graphs b r i e f l y  d e s c r i b e  the major elements t h a t  make up the  system. 

The following para-  

Spacec ra f t .  - The s p a c e c r a f t  i s  i l l u s t r a t e d  and descr ibed under the Space- 
c r a f t  Prel iminary Design s e c t i o n  of t h i s  volume. 

Launch v e h i c l e .  - The Sa tu rn  I B  has been s e l e c t e d  a s  the Primate Spacec ra f t  
launch v e h i c l e  along w i t h  the  Apollo CSM s e r v i n g  a s  the o r b i t a l  i n j e c t i o n  
v e h i c l e .  
l i f t o f f  from the  launch pad. Using t h e  S I B  and SIVB s t a g e s  t o  p l ace  the CSM 
and O r b i t i n g  Primate Spacec ra f t  i n  a 100 n a u t i c a l  miles  parking o r b i t  and the  
CSM t o  r a i s e  the a l t i t u d e  t o  t h e  f i n a l  value o f  250 n a u t i c a l  m i l e s ,  approxi- 
mately 8,900 pounds can be placed i n  o r b i t .  

F igu re  5 d e p i c t s  t he  complete veh ic l e  a s  i t  would appear j u s t  be fo re  

F igu re  6 shows the  Orb i t ing  Primate Spacecraf t  i n  s e v e r a l  docking configu- 
r a t i o n s  wi th  the CSM. Shown are ,  p r e i n j e c t i o n ,  i n j e c t i o n ,  and f i n a l  recovery 
dock modes. 

Launch f a c i l i t i e s .  - The Orb i t ing  Primate Spacec ra f t  w i l l  be launched 

Pad 37b i s  capable of launching Saturn I B ' s  i nco rpora t ing  
from Kennedy S p a c e f l i g h t  Center u s ing  e i t h e r  t h e  f a c i l i t i e s  t o  be found on 
Pad 37b o r  3 4 .  
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1 
S pacecm f t 

220 ft .  

Launch 
veh ic l e  

Command module 

Service module 

Adapter 

-Primate spacecraft, 9.8' X 9.2' 

- Instrument unit, 3Ix21.7' 

S-IV B stage, 59.1' x 21.7' 
o n e  J-2 rocketdyne engine, 
200,000 pounds thrust 

' S-IB stage, 80.2' x 22.8' 
eight  H-1 rocketdyne engines,  
1,500,000 pounds thrust 
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Injection firing 

Final recovery docking 

Pre- in iec tion 
docking 

Figure 6.- CM/OPS orbital docking configurations 
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Apollo CSMs while Pad 3 4  is  designed only f o r  unmanned 1 B  v e h i c l e s .  
t h e  CSM and OPS are placed on t h e  SIVB s t a g e ,  they are checked o u t  and t e s t e d  
i n  t h e  Manned Spacec ra f t  Operat ions Bui ld ing  (MSOB). 

Before 

Ground support  equipment. - Ground support  equipment (GSE) required t o  
support  Orb i t ing  Primate Spacec ra f t  handl ing checkout and launch c o n s i s t s  of 
e l e c t r i c a l  and mechanical hardware. Because of economic reasons and f l e x i -  
b i l i t y ,  a s e p a r a t e  GSE system w a s  s e l e c t e d  over  the e x i s t i n g  Apollo Automatic 
Checkout Equipment (ACE). E l e c t r i c a l  GSE w i l l  c o n s i s t  of one complete s e t  of 
checkout equipment, t he  bulk of which i s  mounted i n  a s i n g l e  s i x  bay conso le .  
Included w i l l  be equipment such a s  r e c e i v e r s ,  range code comparators,  d i s -  
c r iminators  , modulators,  f i l t e r s  , mu1 t i p  1 iers , amplif iers  and c rys  t a  1 t r a n s -  
m i t t e r s .  AC and Dc power s u p p l i e s ,  s imulated loads ,  power c o n t r o l  panels  and 
switching f a c i l i t i e s  w i l l  a l s o  be mounted i n  the  console.  Data w i l l  be r e -  
corded on s t r i p c h a r t  and magnetic tape  r eco rde r s  f o r  s t a t u s  eva lua t ion .  

Mechanical ground support  equipment w i l l  c o n s i s t  of two complete s e t s :  
one f o r  f a c t o r y  acceptance t e s t i n g  and one f o r  launch s i t e  ope ra t ion .  Equip- 
ment w i l l  c o n s i s t  of t e s t  and work s t a n d s ,  t r a n s p o r t a t i o n  d o l l i e s ,  l i f t i n g  
s l i n g s  and s p r e a d e r  beams along w i t h  p r o t e c t i v e  covers .  I n  a d d i t i o n ,  L 0 2 ,  
LN2 and GN2 s e r v i c i n g  equipment, c o o l a n t  u n i t  and leakage measuring dev ices  
w i l l  be supplied.  

Communications. - Of the  two p o s s i b l e  communication l i n k s  a v a i l a b l e  f o r  t h e  
O r b i t i n g  Primate Spacec ra f t  Program, the  MSFN and the  STADAN, t h e  MSFN w a s  
chosen because of  the  s u p e r i o r  up - l ink  command c a p a b i l i t y ;  s u p e r i o r  down-link 
d a t a  handling c a p a b i l i t y ;  and t h e  o p e r a t i o n a l  s t a t u s  du r ing  SAA f l i g h t s .  

Astronaut i n t e g r a t i o n  and p a r t i c i p a t i o n .  - Astronaut  p a r t i c i p a t i o n  i n  t h e  
Orb i t ing  Primate Spacec ra f t  Program w i l l  be  based on a work-load l e v e l  con- 
s i s t e n t  with the  SAA Program. Outside of  t h e  e x t r a  v e h i c u l a r  a c t i v i t y  (EVA) 
r equ i r ed  t o  r e t u r n  t h e  two recovery capsu le s  t o  t h e  CM i n t e r i o r ,  a l l  a s t r o n a u t  
t a s k s  a s soc ia t ed  w i t h  p l ac ing  t h e  O r b i t i n g  Primate Spacec ra f t  i n  o r b i t  and 
checking out t h e  experiment f o r  proper o p e r a t i o n  w i l l  be conducted from w i t h i n  
the  pressurized CM. Astronaut  ground t r a i n i n g  be fo re  t h e  f l i g h t s  w i l l  be  con- 
ducted where s p e c i f i c  experiment t a s k s  vary  from standard Apollo procedures.  
The EVA required t o  recover  the  animals has  been analyzed f o r  t i m e  and meta- 
b o l i c  requirements. An umbi l i ca l  used i n  p l ace  of t he  PLSS could supply 
b rea th ing  atmosphere t o  t h e  a s t r o n a u t ,  s i n c e  the  d i s t a n c e  from the CM ha tch  t o  
t h e  recovery capsu le  l o c a t i o n s  i s  small  when t h e  CM and OPS are  hard docked. 
F i g u r e  7 shows an  a s t r o n a u t  removing a recovery  capsu le  w h i l e  s t i l l  c l o s e  
enough t o  the CM ha t ch  t o  be s t and ing  on i t s  edge. Cons idera t ion  of a s t r o n a u t  
s a f e t y  is made by  providing a s p a c e c r a f t  s t a t u s  panel v i s i b l e  from t h e  Command 
Module window p r i o r  t o  egress .  
p o s s i b l e  hazardous c o n d i t i o n s  on t h e  s p a c e c r a f t .  

Th i s  s t a t u s  panel  provides  i n d i c a t i o n s  of 

A study o f  metabol ic  load requirements ,  based on d a t a  from Gemini f l i g h t s  
GT-9 and GT-12 was conducted. The r e s u l t s  of t h e  s tudy  showed t h a t  a s t r o n a u t  
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h e a t  production w i l l  probably no t  exceed 1,500-1,600 BTU/HR. This  i s  w i t h i n  
the  PLSS capaci ty  t o  s u s t a i n  a maximum continuous metabolic expend i tu re  r a t e  
of 1,600 BTU/HR f o r  t h r e e  hours and t o t a l  i n t e g r a t e d  metabol ic  c a p a c i t y  of 
4,800 BTU. 

R e l i a b i l i t y  Goal 

A q u a n t i t a t i v e  r e l i a b i l i t y  goal  o f  0.90 f o r  t h e  Primate Spacec ra f t  was 
e s t a b l i s h e d  on t h e  b a s i s  t h a t  such a 
a r t .  
a v a i l a b l e  today. 

goal was w e l l  w i t h i n  t h e  s t a t e - o r - t h e -  
It  is o b t a i n a b l e  using good design p r a c t i c e s ,  techniques,  and m a t e r i a l s  

SPACECRAFT PRELIMINARY DE S I G N  

The design goa l  o f  the O r b i t i n g  Primate Spacec ra f t  i s  t o  achieve an optimum 
balance between r e l i a b i l i t y ,  performance, c o m p a t i b i l i t y  w i th  the  SAA mission 
and hardware c o n s t r a i n t s  and c o s t .  Table 6 p r e s e n t s  t he  e s t ima ted  weights  of 
the subsystems and s p a c e c r a f t  a s  they were evolved during t h e s e  e f f o r t s .  
Column 1 rep resen t s  t h e  design f o r  t he  nominal system, 
t i o n a l  weight r equ i r ed  t o  achieve t h e  design of a high r e l i a b i l i t y  (0.90) sys -  
tem. The est imated al lowable payload weight f o r  an SAA manned launch i s  8,800 
pounds, while f o r  an unmanned launch t h i s  c a p a b i l i t y  i s  36,000 pounds. 

Column 2 r e f l e c t s  add i -  

General  Configurat ion Arrangement 

External  conf igu ra t ion .  - The e x t e r n a l  appearance of t h e  s p a c e c r a f t ,  shown 
i n  f i g u r e  8, i s  t h a t  of a c y l i n d r i c a l  upper s e c t i o n  jo ined  t o  an oc t agona l  
lower sec t ion .  The c y l i n d e r  c o n t a i n s  the  p r e s s u r i z e d  volume and i s  of welded 
cons t ruc t ion .  The s i d e s  and top  of t he  c y l i n d e r  form one removable u n i t  which 
i s  flange-mounted a t  a s e a l e d  j o i n t  t o  t h e  bulkhead forming t h e  bottom o f  the  
c y l i n d r i c a l  s e c t i o n  of the s p a c e c r a f t .  The lower s e c t i o n  i s  unpres su r i zed  and 
c o n t a i n s  most of t h e  subsystem equipment. The f l a t  panels  forming t h e  s i d e s  
of the octagonal  s t r u c t u r e  se rve  a s  bases  and h e a t  s i n k s  f o r  e l e c t r o n i c  equip-  
ment mounted t o  the  i n t e r i o r  s u r f a c e s .  A s e a l a b l e  door i s  provided as access  
t o  t h e  p re s su r i zed  a r e a  f o r  i n s e r t i o n  of t he  primate o r  performance o f  mainten- 
ance. Attachments t o  t h e  b a s i c  e x t e r n a l  s t r u c t u r a l  s t r i n g e r s  a r e  meteoroid 
p r o t e c t i v e  s h i e l d i n g  and thermal  i n s u l a t i o n .  

A r a d i a t o r  which i s  p a r t  o f  t h e  Thermal Con t ro l  Subsystem i s  mounted t o  
the v e r t i c a l  s t r i n g e r s  and covers  an a r e a  of t he  c y l i n d r i c a l  s e c t i o n  approxi-  
mately eleven inches i n  width extending completely around the circumference.  

A s  i l l u s t r a t e d  i n  f i g u r e  9, fou r  t u b u l a r  t r u s s  assemblies  a r e  used t o  
a t t a c h  t h e  s p a c e c r a f t  t o  t h e  LMSS rack,  t h e  ATM rack,  o r  o t h e r  a p p r o p r i a t e  
s t r u c t u r e s  i n  t h e  SLA a r e a  of  t h e  Apollo Launch Vehicle .  Sepa ra t ion  a t  t h e s e  
a t t a c h  po in t s  i s  accomplished py ro techn ica l ly  a f t e r  post- launch docking o f  t h e  
s p a c e c r a f t  and CM. Docking i s  accomplished through use o f  t h e  docking c o l l a r  
l oca t ed  on the upper bulkhead of t h e  s p a c e c r a f t .  The c o l l a r  c o n t a i n s  t h e  LEM 
type drogue which engages w i t h  t h e  CM probe du r ing  docking. 
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TABLE 6 .  - WEIGHT SUMMARY 

I 
~ 

L i f e  Support 

Environmental Con t ro l  and Gas Storage 
Waste Management 
L i f e  C e l l s  
Feeders  
Waterer /Storage 
Recovery Capsules 

Thermal Con t ro l  

S t ruc ture/Meehanical 

I n s  t rument a t i o n  

Te leme t r y  

Command & Cont ro l  

E l e c t r i c  Power and Cabling 

A t t i t u d e  C o n t r o l  

TOTAL 

Nomina 1 
system 

965 l b s .  
92 

320 
340 
700 
105 

17 0 

1209 

159 

204 

30 

5 10 

80 - 
4884 l b s .  

High r e l i a b i l i t y  
system 

984 l b s .  
92 

320 
340 
7 00 
105 

17 6 

1511 

159 

292 

30 

527 

150 - 
5386 l b s .  

The upper bulkhead a l s o  mounts t h e  At t i t ude  Control  Subsystem tankage, 
va lves ,  plumbing, t h r u s t e r s ,  t h e  gyro modules and e l e c t r o n i c  subassembly, 
and t h e  p r ima te  recovery capsu le s  which a re  loca t ed  t o  f a c i l i t a t e  removal 
du r ing  EVA ope ra t ions .  I n  a d d i t i o n ,  a v i sua l  docking a i d  f o r  use during 
t h e  docking maneuver i s  loca ted  on t h e  upper bulkhead, w i t h  t h e  s p a c e c r a f t  
s t a t u s  monitor ing panel  which i s  posi t ioned so as t o  be v i s i b l e  from t h e  
CM window. 

Antennas a r e  loca t ed  on t h e  top s e c t i o n  of t h e  s p a c e c r a f t  and c o n s i s t  o f :  
f i v e  flush-mounted TV antennas ( fou r  a r e  mounted 90" apa r t  around t h e  periph- 
e r y  and one i s  mounted on t h e  top bulkhead);  and a communications antenna, 
boom-mounted and deployable.  Two more antennas a r e  mounted a t  t h e  bottom end 
of t h e  s p a c e c r a f t ,  one f o r  TV and the other  f o r  communications. The octagonal  
shaped end of t h e  s p a c e c r a f t  mounts t he  four  paddles which form t h e  s o l a r  
a r r a y .  

e 

I n t e r n a l  conf igu ra t ion .  - The two major i n t e r n a l  areas of t he  s p a c e c r a f t  
are the  p r e s s u r i z e d  volume wi th in  the c y l i n d r i c a l  s e c t i o n  and the  unpressurized 
s e c t i o n  below it con ta in ing  most of the support  subsystems. 
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Figure 8. - Isometric view of orbiting primate spacecraft 

Pressurized area: The p res su r i zed  p o r t i o n  o f  t he  s p a c e c r a f t  c o n t a i n s  two 
l i f e  c e l l s  which a r e  mounted t o  t h e  bottom bulkhead. The l i f e  ce l l s  a r e  l o -  
c a t e d  s ide by s i d e  wi th  approximately one inch of space between t o  p e r m i t  
i n s t a l l a t i o n  of the s t r u c t u r a l  t e n s i o n  members. Sepa ra t ion  between the  l i f e  
c e l l  s o c i a l  windows precludes o t h e r  t han  minimum p h y s i c a l  c o n t a c t  between 
p r i m a t e s ,  
t e l e v i s i o n  cameras, waste management assemblies  a t  the bottom, f eede r s ,  
waterers, and mass measurement devices .  
top of the l i f e  c e l l s  b u t  are mounted e x t e r n a l l y  on the upper bulkhead w i t h  
a s e a l e d  t r a n s i t i o n  provided t o  t h e  l i f e  c e l l .  
ment i s  a l s o  mounted w i t h i n  t h e  p r e s s u r i z e d  s e c t i o n  and i n t e r f a c e s  d i r e c t l y  
wi th  t h e  waste management assembly. "lie l o c a t i o n  of environmental  c o n t r o l  
equipment was p r e d i c a t e d  upon: 
a i r  l i n e s ,  connectors,  etc.,  from t h e  unpres su r i zed  lower s e c t i o n  i n t o  t h e  
p re s su re  v e s s e l ;  providing a p r e s s u r i z e d  environment f o r  a l r eady  developed 
hardware r e q u i r i n g  it; and providing proximity between equipments where func- 
t i o n a l  and phys ica l  i n t e r r e l a t i o n s  so d i c t a t e d .  

The major e x t e r n a l  equipment a t tachments  t o  t h e  l i f e  ce l l s  are:  

The recovery capsu le s  open i n t o  the  

Environmental c o n t r o l  equip-  

minimizing t h e  number o f  openings f o r  condu i t s ,  

Unpressurized area: The lower oc t agona l  s e c t i o n  of t h e  s p a c e c r a f t  i s  
unpressurized and c o n t a i n s  most o f  t he  e l e c t r o n i c  subsystems elements,  a s  
w e l l  as the expendables o t h e r  than t h e  food which i s  s t o r e d  i n  the  f eede r .  
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(a) Lunar Mapping and Survey System rack 

Figure 9. - Top assembly and installation OPS launch vehicle 
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(b) ApoIlo telescope mount rack 

Figure 9. - Top assembly and installation OPS launch vehicle (concluded) 
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*r The environmental  c o n t r o l  equipment loca ted  i n  t h i s  a r e a  c o n s i s t s  mainly 
of:  
mary and secondary thermal loops, coolant  pump, accumulator,  c o n t r o l  module, 
gas  ana lyzer ,  and l i t h ium hydroxide. 
by i t s  need f o r  a thermal i n p u t  ob ta ined  through t h e  s u r f a c e  of the s p a c e c r a f t  
which f a c e s  the  sun. The lower end of  the l i t h i u m  hydroxide c o n t a i n e r  forms 
p a r t  of  t h e  bottom s o l a r - o r i e n t e d  sur face  of  t h e  s p a c e c r a f t  and is  c e n t r a l l y  
l o c a t e d  the re .  

n i t r o g e n  and oxygen cryogenic  s torage tanks,  h e a t  exchanger between p r i -  

Location of  t h e  lat ter u n i t  i s  d i c t a t e d  

The environmental  c o n t r o l  expendables as w e l l  as water  tankage a r e  d i s -  
t r i b u t e d  t o  opt imize the  weight and balance du r ing  the  per iod of consumption. 

The e l e c t r o n i c  equipment i s  i n s t a l l e d  on: the  bottom su r face ,  t he  r e -  
movable s i d e  panels ,  t h e  c e n t r a l  s t r u c t u r e  column formed by t h e  l i t h i u m  hy- 
droxide  con ta ine r ,  and the  bottom of the  lower bulkhead of  t he  p re s su re  v e s s e l .  

The v a r i o u s  equipments a r e  segregated f u n c t i o n a l l y ,  where f e a s i b l e ,  w i th  
c o n s i d e r a t i o n  given t o  thermal  c h a r a c t e r i s t i c s ,  access  and m a i n t a i n a b i l i t y .  
Thus, t h e  h e a t  d i s s i p a t i n g  elements  o f  the power subsystem ope ra t ing  con t in -  
uously a r e  mounted on t h e  f l a t  panels  forming the  o u t s i d e  of t he  octagonal  
s e c t i o n .  These serve  a s  h e a t  s i n k s  r a d i a t i n g  t o  space.  Equipment which 
would tend t o  become cold  i s  mounted on the  w a r m e r  su r f aces .  The panels  
upon which equipment i s  mounted are designed to swing ou t  and be removable t o  
improve a c c e s s i b i l i t y  and ma in ta inab i l i t y .  

Subsys tems 

The s p a c e c r a f t  subsystems have been des igna ted  a s :  L i f e  Support ,  Thermal 
Cont ro l ,  Structure/Mechanical ,  Instrumentat ion,  Telemetry, Command and Control ,  
E l e c t r i c  Power and Cabling, and At t i t ude  Control .  Funct iona l  i n t e r r e l a t i o n -  
s h i p s ,  except  f o r  those  with the  Structure/Mechanical  Subsystem, a r e  s h a m  i n  
f i g u r e  10. 

The L i f e  Support  Subsystem provides  environmental  c o n t r o l ,  food, water  
waste  management, and housing during recovery f o r  t h e  primafes.  

The Thermal Cont ro l  Subsystem provides temperature  c o n t r o l  f o r  s p a c e c r a f t  
equipment, e i t h e r  d i r e c t l y  o r  by providing an u l t i m a t e  h e a t  s i n k  i n t o  which 
t h e  l i f e  suppor t  environmental  c o n t r o l  equipment can reject hea t .  

The S t ruc tura l /Mechanica l  Subsystem provides  the  phys ica l  suppor t  and 
p r o t e c t i o n  f o r  a l l  t h e  s p a c e c r a f t  equipment and i n  a d d i t i o n  s u p p l i e s  t he  
necessary  s p e c i a l  mechanizations needed by t h e  o t h e r  subsystems. 

The Ins t rumenta t ion  Subsystem c o n s i s t s  of experiment and engineer ing  sen-  I 

8036, and a s s o c i a t e d  s i g n a l  condi t ion ing  and processing.  

The Telemetry Subsystem p rocesses  and t r a n s m i t s  data and t e l e v i s i o n  from 
t h e  s p a c e c r a f t  on 2287.5 and 2272.5 MHZ c a r r i e r s  r e s p e c t i v e l y ,  and r e c e i v e s  
u p l i n k  commands from the  ground on a 2106.4 MHZ carrier. 
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The Command and Cont ro l  Subsystem provides  preprogrammed t iming  and se-. 
quencing f o r  a l l  s p a c e c r a f t  subsystems which can be modified by ground coramands 
t r a n s m i t t e d  upl ink.  

The Electric Power and Cabling Subsystem genera tes ,  r e g u l a t e s ,  cond i t ions ,  
and d i s t r i b u t e s  a l l  of  t h e  electric power r equ i r ed  by t h e  s p a c e c r a f t  subsystems. 

The A t t i t u d e  Cont ro l  Subsystem maintains  s p a c e c r a f t  o r i e n t a t i o n  and angu- 
l a r  r a t e s  w i t h i n  t h e  p re sc r ibed  l i m i t s .  

LABORATORY TEST MODEL DESCRIPTION 

The purpose of t he  Laboratory T e s t  Model i s  t o  prove, under l a b o r a t o r y  
cond i t ions ,  t h e  des ign  adequacy of  t h e  l i f e  suppor t  equipment proposed f o r  
use  i n  t h e  Orb i t ing  Primate Spacec ra f t .  
provide a c c u r a t e  s c a l i n g  f a c t o r  d a t a  f o r  oxygen, food and water  usage, and 
w i l l  provide d a t a  concerning contamination c o n t r o l  and waste management w i t h i n  
a c losed  environmental  c o n t r o l  system. These d a t a  w i l l  be used i n  t h e  f i n a l  
s p a c e c r a f t  designs.  
r e a l i s t i c  t r a i n i n g  and behav io ra l  environment f o r  two l a b o r a t o m  animals.  
Data ga the red  from t h e  animals  w i l l  be  used t o  provide an improved behav io ra l  
regimen i n  t h e  space experiment and w i l l  provide b a s e l i n e  c o n t r o l  d a t a  f o r  t h e  
behavior  of t h e s e  animals  i n  a c losed  environment such as t h a t  proposed for 
t h e  Orb i t ing  Primate Spacec ra f t .  

The Laboratory T e s t  Model w i l l  a l s o  

I n  add i t ion ,  t h e  Laboratory Test Model w i l l  provide a 

General  Configurat ion 

The Laboratory Test Model c o n s i s t s  of a p re s su re  v e s s e l  which houses two 
l i f e  c e l l s ,  and a c o n t r o l  console  which con ta ins  t h e  e l e c t r o n i c s  necessary  
f o r  c o n t r o l l i n g  and monitor ing t h e  opera t ion  of t h e  equipment. 

The p r e s s u r e  vessel and a s s o c i a t e d  tanks, e t c .  c o n t a i n  a l l  of t h e  equip-  

A cut-away view of t h e  p re s su re  
ment that  w i l l  i n t e r f a c e  with,  and provide environmental  suppor t  for, t h e  
p r ima tes  d u r i n g  t h e  one y e a r  space mission. 
v e s s e l  i s  shown i n  f i g u r e  11. 

The c o n t r o l  console  con ta ins  meters ,  a video t ape  r eco rde r  and monitor ,  
i n d i c a t o r s ,  a pa tch  panel, power suppl ies ,  and c o n t r o l s  used f o r  monitorJng 
and c o n t r o l l i n g  Laboratory Tes t  Model equipment. 

Subsystems 

The subsystems which comprise t h e  Laboratory Tes t  Model are t h e  L i f e  
Support ,  Thermal Cont ro l ,  S t r u c t u r e  and Mechanical, Ins t rumenta t ion ,  and 
Conanand and Control .  
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The L i f e  Support Subsystem provides the v i t a l  f u n c t i o n s  r e q u i r e d  by the 
primate,  and inc ludes  t h e  environmental  c o n t r o l  u n i t ,  t h e  waste u n i t ,  the  l i f e  
c e l l ,  t h e  f eede r ,  t h e  waterer ,  t he  behav io ra l  panel,  and t h e  recovery capsule .  

The Thermal Control  Subsystem provides the  h e a t  s i n k  f o r  t he  thermal ou t -  
p u t s  of t he  environmental  c o n t r o l  u n i t  and f o r  s imula t ion  of s p a c e c r a f t  thermal 
loads  f o r  enhancement of t e s t i n g  v a l i d i t y .  This  subsystem inc ludes  the  wa te r  
h e a t  t r a n s f e r  u n i t ,  i n s u l a t i o n ,  and t h e  thermal s imula to r .  

The S t r u c t u r e  and Mechanical Subsystem provides  the  e x t e r n a l  support  f o r  
t he  e n t i r e  t e s t  model i n  t h e  laboratory as w e l l  as t h e  b a s i c  s t r u c t u r e  of t he  
model i t s e l f .  

The Ins t rumen ta t ion  Subsystem provides f o r  monitor ing the  primates and 
o t h e r  o p e r a t i n g  subsystems. Included i n  t h i s  subsystem a r e  the t e l e v i s i o n  
c a m e  ra s , ac  t i v  i t y count e r , b i o  t e leme t r y  re  c e ive r s , s e n s o r  s , sup p o r  t i n s  t r u  - 
ments, r e c o r d e r s ,  and t h e  mass/volume measurement device.  

The Command and Control  Subsystem performs a d i v e r s i t y  of func t ions  involv-  
i ng  equipment c o n t r o l ,  sequencing and switching, d i s p l a y s ,  power and s i g n a l  
d i s t r i b u t i o n .  Included i n  t h i s  subsystem are a manual c o n t r o l  u n i t ,  d i s p l a y s ,  
power c o n t r o l  and d i s t r i b u t i o n  u n i t  and behavioral  c o n t r o l  i n t e r f a c e  u n i t ,  

PROGRAM PLANNING 

The planning a c t i v i t y  performed during t h e  Phase 1 study i s  documented i n  
Volume V and covers  t he  program plans f o r  d e t a i l e d  design,  development, f a b r i -  
c a t i o n  and d e l i v e r y  of a Primate Spacecraf t  f o r  a l a t e  1970 launch. 

During t h e  planning a c t i v i t y ,  t h r e e  major g u i d e l i n e s  were e s t a b l i s h e d  as 
fol lows:  

(1) Primate Spacec ra f t  f l i g h t  readiness  is requ i r ed  by la te  1970. 

(2) A two phase follow-on program, Phase 2-Design, and Phase 3-Development/ 
Operat ions,  w i l l  fo l low t h e  NASA standard procurement procedures.  

(3) The Laboratory T e s t  Model Program w i l l  be r e l a t e d  to ,  hut s e p a r a t e  
from, t h e  Phase C Design Program. 

Schedule 

The p re l imina ry  program plan f o r  Primate Spacec ra f t  Program i s  summarized 
i n  f i g u r e  12 .  During t h i s  two-phase e f f o r t ,  t he  Phase 2 approach w i l l  be t o  
d e f i n e  i n  d e t a i l  t he  requirements of the Primate Program, and t o  i n i t i a t e  t he  
design. f a b r i c a t i o n ,  checkout, and de l ive ry  o f  a Laboratory Test  Model. The 
l abora to ry  test  model a c t i v i t y  w i l l  continue i n t o  Phase 3 .  
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Phase 3 w i l l  i nc lude  d e t a i l  design,  f a b r i c a t i o n ,  checkout, q u a l i f i c a t i o n ,  
and d e l i v e r y  of a Primate Spacec ra f t  t o  Kennedy Space Center CKSC) f o r  a 
l a t e  1970 launch. The est imated t i m e  span from Phase 2 go-ahead t o  space- 
c r a f t  f l i g h t  r e a d i n e s s  has  been e s t a b l i s h e d  a t  29 months. 

Figure 12 shows major mi l e s tones  of the program wi th  t h e  f i r s t  Laboratory 
T e s t  Model Design completion occur r ing  four months a f t e r  t h e  Phase 2 go-ahead 
d a t e .  The Laboratory T e s t  Model w i l l  be de l ive red  t e n  months a f t e r  c o n t r a c t  
award. During Phase 3 ,  t he  Prel iminary Design Review w i l l  be two months and 
C r i t i c a l  Design Review f o u r  months a f t e r  the Phase 3 go-ahead d a t e .  F i r s t  
A r t i c l e  Conf igu ra t ion  Inspec t ion  w i l l  occur 15 months a f t e r  c o n t r a c t  award, 
and t h e  f i r s t  f l i g h t  s p a c e c r a f t  d e l i v e r y  w i l l  t a k e  place 19 months a f t e r  award. 
A f t e r  a two-month checkout per iod a t  KSC, the  s p a c e c r a f t  w i l l  be f l i g h t  ready 
2 1  months from Phase 3 go-ahead da te .  

Plans 

Volume V of t h i s  r e p o r t  i nc ludes  seven appendices;  Management Plan, Experi-  
ment Plan, Engineering Plan, I n t e g r a t e d  Test Plan,  R e l i a b i l i t y  Plan, Qua l i ty  
Assurance P lan  and Manufacturing Plan. 

Appendix A, Management Plan, desc r ibes  t h e  management techniques t o  be 
used du r ing  Phase 2 and 3 and e s t a b l i s h e s  a management framework f o r  a s s u r i n g  
t h a t  performance, schedule and c o s t  o b j e c t i v e s  w i l l  be  achieved. This  plan 
a l s o  i d e n t i f i e s  a r e a s  which r e q u i r e  an advanced technology and development 
e f f o r t .  

Appendix B, Experiment Plan, t r a c e s  the experiment r e l a t e d  t a s k s  through 
a l l  phases o f  s p a c e c r a f t  development and o v e r a l l  mission support  ope ra t ions .  
The gross  r e s p o n s i b i l i t i e s  of t he  NASA, the p r i n c i p a l  i n v e s t i g a t o r  and Northrop, 
a s  t h e  s p a c e c r a f t  c o n t r a c t o r ,  a r e  presented. 

Appendix C, Engineering P lan ,  d e f i n e s  t h e  eng inee r ing  e f f o r t  t o  be accom- 
p l i s h e d  du r ing  t h e  Design Phase and t o  some e x t e n t  du r ing  the Development/ 
Operat ions Phase. The scope of t he  e f f o r t  desc r ibed  r e f l e c t s  t he  t a s k s  t o  be 
accomplished w i t h i n  t h e  major engineer ing o r g a n i z a t i o n a l  subd iv i s ions .  

The i n t e n t  o f  t h i s  plan i s  t o  p re sen t  an overview of the methodology, 
o r g a n i z a t i o n  t a s k s  and schedule a s  p re sen t ly  conceived f o r  accomplishing: 
(1) Phase 2 d e t a i l  d e f i n i t i o n  of t he  Orbi t ing Primate Spacec ra f t ,  (2)  design, 
f a b r i c a t i o n  and t e s t  of a Laboratory Test  Model of t h e  O r b i t i n g  Primate Space- 
c r a f t ,  (3) t he  development e f f o r t  of Phase 3 .  The plan serves t o  d e l i n e a t e  
t h e  r e s p o n s i b i l i t i e s ,  f u n c t i o n a l  i n t e r f a c e s ,  flow o f  information and d e t a i l e d  
e f f o r t  of t h e  System Engineering and Design a r e a s  o f  t he  Engineering 
Organizat ion.  

Appendix D, I n t e g r a t e d  Test Plan,  de f ines  t h e  requirements f o r  t h e  va r ious  
types o f  t e s t i n g  p e r t i n e n t  t o  the experiment, development, and o p e r a t i o n a l  
phases of t h e  program, and d e s c r i b e s  the  r a t i o n a l e ,  schedule,  c r i t e r i a  and 
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ground r u l e s  f o r  conducting the t e s t  program. This  plan a l s o  p r e s e n t s  t h e  
i n t e r r e l a t i o n s h i p s  among t h e  t e s t  programs, and e s t a b l i s h e s  Northrop 's  compre- 
hension of t h e  scope and d e t a i l  requirements of t he  program, and t h e  p h y s i c a l  
and t e c h n i c a l  c a p a b i l i t i e s  t o  conduct t h e  program. 

Appendix E,  R e l i a b i l i t y  Plan, d e s c r i b e s  t h e  r e l i a b i l i t y  a c t i v i t y  designed 
t o  give maximum confidence i n  the  i n t e g r i t y  o f  t he  s p a c e c r a f t .  It fol lows t h e  
i n t e n t  and i s  c o n s i s t e n t  w i th  those elements of t he  NASA R e l i a b i l i t y  P u b l i c a t i o n  
NPC 250-1 ( r e f . .  11) considered e s s e n t i a l  t o  t he  O r b i t i n g  Primate Spacec ra f t  
Program, This document d e s c r i b e s  the o b j e c t i v e s  of the R e l i a b i l i t y  Program, 
the r e l i a b i l i t y  concepts which w i l l  l e ad  t o  t h e i r  accomplishment, t he  r e l i a -  
b i l i t y  t a sks  which implement the  concepts ,  and the s e l e c t e d  hardware a r e a s  
r e q u i r i n g  s p e c i a l  r e l i a b i l i t y  a n a l y s i s ,  

Appendix F, Qua l i ty  Assurance Plan, d e s c r i b e s  the Q u a l i t y  Assurance pro- 
gram necessary t o  a s s u r e  t h a t  t he  O r b i t i n g  Primate Spacec ra f t ,  a s s o c i a t e d  
Ground Support Equipment, Laboratory Tes t  Model, and spa res ,  m e e t  t h e  q u a l i t y  
requirements of NASA programs. It d e s c r i b e s  the t a s k s  and procedures t o  accom- 
p l i s h  t h i s  o b j e c t i v e .  It follows the  i n t e n t  and i s  c o n s i s t e n t  w i th  those  
elements o f  the NASA Q u a l i t y  P u b l i c a t i o n  NPC 200-2 ( r e f .  12) considered e s sen -  
t i a l  t o  the O r b i t i n g  Primate Spacec ra f t  Program. 

Appendix G, Manufacturing Plan, d e s c r i b e s  the manufacturing planning, 
schedules ,  procurement, ope ra t ions ,  c o n t r o l s ,  and documentation t a s k s  which 
w i l l  be required of the p r i m e  c o n t r a c t o r  t o  f a b r i c a t e  and assemble t h e  primate 
s p a c e c r a f t ,  It a l s o  inc ludes  planned a c t i o n s  and c o n t r o l s  r e l a t i v e  t o  f a b r i -  
c a t i o n  of mockups, breadboard e l e c t r o n i c s ,  t e s t  specimens and t o o l i n g .  

Development S t a t u s  

The majori ty  of  t he  s p a c e c r a f t  subsystems can be mechanized us ing  s t a t e -  
o f - t h e - a r t  equipment which i s  developed and has  been u t i l i z e d  in  s i m i l a r  
a p p l i c a t i o n s .  Some equipment a r e a s  a r e  s u f f i c i e n t l y  unique i n  design and 
a p p l i c a t i o n  a s  t o  warrant  advance development, while o t h e r s  a l though not f u l l y  
developed y e t  have had r e l a t e d  development done s u f f i c i e n t  t o  e s t a b l i s h  con- 
c e p t s  and f e a s i b i l i t y .  Two s p e c i f i c  a r e a s  have been i d e n t i f i e d  as r e q u i r i n g  
advance development : Mass Measurement and Waste Management. Biotelemetry 
(implanted s e n s o r s )  and Environmental Con t ro l  f a l l  i n t o  t h e  second grouping. 

Advance deve lopment . - 
Mass measurement: Measurement of mass under zero g r a v i t y  c o n d i t i o n s  p r e -  

s e n t s  unique problems. Without the a s s i s t a n c e  of g r a v i t y ,  measurement of mass 
must r e l y  on t echn iques  o t h e r  than weighing. The two most promising techniques 
employ i n e r t i a  o r  volume measuring methods. A device f o r  de t e rmina t ion  o f  mass 
under weight lessness  cond i t ions  u t i l i z i n g  an i n e r t i a l - o s c i l l a t o r y  technique has  
been developed by Lockheed Missile and Space Company under Con t rac t  NAS 1-5999. 
The device w a s  designed t o  determine the  mass o f  a human s u b j e c t  and proved t o  
b2 s a t i s f a c t o r y  i f  the s u b j e c t  was r e s t r a i n e d  i n  a c h e s t  h a r n e s s  and t o l d  t o  
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immobilize h i s  head, arms and l e g s  by s t r o n g  muscular t ens ion .  
ments have been conducted by t h e  A i r  Force under Dr. W. E. Thorton o f  the 
Aerospace Medical Divis ion,  Brooks AFB, San Antonio. Reports of t h i s  a c t i v i t y  
i n d i c a t e  success  with human s u b j e c t s  b u t  poor r e s u l t s  with animals--even w e l l  
r e s t r a i n e d  dogs. 

S i m i l a r  develop- 

An approach t o  mass measurement using volumetr ic  measuring techniques has  
been explored us ing  as a b a s i s  a device developed by Acoustica Associates ,  Inc.  
of Los Angeles f o r  measuring l i q u i d  volumes. The p r i n c i p l e  employed measures 
volume by means of a d i a b a t i c  compression of a known atmosphere surrounding the  
s u b j e c t  i n  an enclosure of known volume. Northrop performed t e s t s  u s i n g  t h i s  
device i n  measuring t h e  volumes of two Macaca speciosa monkeys. 
encountered, which w i l l  r e q u i r e  a d d i t i o n a l  i n v e s t i g a t i o n ,  was a t t r i b u t e d  t o  
animal r e s p i r a t i o n  involving body dynamics of the c h e s t  c a v i t y  a s  they a f f e c t  
t h e  p re s su re  measurements, and thermal e f f e c t s  a s  they a f f e c t  p re s su re  
m e  a Suremen t . 

A problem 

A t t a i n i n g  the r equ i r ed  accuracy and providing a s u i t a b l e  enclosure i n  which 
t o  perform t h e  measurement, and then c o r r e l a t i n g  volume measurements with m a s s  
a r e  the s p e c i f i c  i t e m s  r e q u i r i n g  the a d d i t i o n a l  development e f f o r t .  

Waste management: The c o n t r o l  and s torage o f  wastes from an u n r e s t r a i n e d  
primate i n  a zero g environment f o r  a period of one y e a r  has  never been 
attempted t o  da t e .  Development of an i n t e g r a t e d  set  of waste management equip- 
ment t o  perform t h e  t a s k  r equ i r ed  by t h e  O r b i t i n g  Primate Spacec ra f t  has been 
minimal t o  t h e  p re sen t  t i m e .  The complexities of t h e  waste management problem 
are i n h e r e n t  i n  t h e  n a t u r e  o f  c e r t a i n  c o n s t i t u e n t  func t ions  of o v e r a l l  waste 
management; t hese  a r e  : 

C o l l e c t i o n  of waste under zero g condi t ions 
Storage f o r  a one y e a r  per iod 
I n t e r a c t i o n  of waste s t o r a g e  with l i f e  c e l l  a i r  flow 

The most promising approach t o  c o l l e c t i o n  of waste i s  by means of forced 
a i r  flow. The de te rmina t ion  o f  a i r  flow p a t t e r n s  and movement of waste i n  t h e  
a i r  s t ream under zero g cond i t ions  w i l l  r equ i r e  s p e c i a l  i n v e s t i g a t i o n ;  t he  
f i n d i n g s  w i l l  have a s i g n i f i c a n t  impact on f i n a l  equipment design. The e f f e c -  
t i v e n e s s  of graded p o r o s i t y  f i l t e r s  i n  t h e  zero g c o l l e c t i o n  and s to rage  of 
waste m a t t e r  and t h e  mechanization of t h e i r  a p p l i c a t i o n  w i l l  a l s o  r e q u i r e  
s p e c i a l  e f f o r t .  Tests conducted i n  t h e  zero g p o r t i o n  of a pa rabo l i c  f l i g h t  
pa th  o f  a KC-135 a i r p l a n e  a r e  proposed as t h e  means t o  i n v e s t i g a t e  t h e s e  
problems . 

Related development. - 
Implanted senso r s :  Implanted biotelemetry became f e a s i b l e  wi th  the advent 

o f  t h e  t r a n s i s t o r ,  and r e s e a r c h  i n  t h i s  f i e l d  has  been a c t i v e l y  pursued s i n c e  
e a r l y  i n  1959. Ames Research Center has  r e c e n t l y  d i r e c t e d  t h e  development of 
m i n i a t u r i z e d  t r a n s m i t t e r s  f o r  biotelemetry use.  The r e s u l t s  o f  t h i s  e f f o r t  
have been publ ished i n  numerous NASA techn ica l  documents. 
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Northrop has ,  under c o n t r a c t  with the  NASA, s u c c e s s f u l l y  developed and 
used implanted b io t e l eme te r s  f o r  mice. 
mental  O r g a n i s m  f o r  Research i n  Space Biology" program, s i x  mice were implanted 
with t empera tu re - sens i t i ve  b io t e l eme te r s .  Some t e s t s  were a l s o  conducted us ing  
EKG sensors.  These mice have been observed du r ing  the l a s t  two y e a r s  f o r  per-  
iods of s eve ra l  months under va r ious  c o n t r o l l e d  environmental  c o n d i t i o n s ,  and 
da ta  has been s u c c e s s f u l l y  acquired during t h i s  per iod.  Northrop a l s o  implan- 
t ed  two female Rhesus monkeys with EKG and temperature s e n s o r s  and a s s o c i a t e d  
biotelemetry.  The t r a n s m i t t e r s  have been s u c c e s s f u l l y  ope ra t ing  s i n c e  May 1967 
t o  d a t e  of p repa ra t ion  of t h i s  document (October 1967). The r e c e i v i n g  system 
was s i m i l a r  t o  t h a t  proposed f o r  the O r b i t i n g  Primate Spacec ra f t ,  i .e . ,  t h r e e  
octagonal  antennas, each  wi th  an independent r e c e i v e r .  

During the "Perognathus a s  an Experi-  

Environmental c o n t r o l ,  two gas atmosphere c o n t r o l :  I n v e s t i g a t i o n s  of 
oxygen p a r t i a l  p re s su re  senso r s  f o r  t he  Apollo AAP program included s t u d i e s  
t o  extend the l i f e  o f  polorographic  senso r  devices ,  and performing l i f e  tests. 

E a r l i e r ,  i n  1960, a two gas atmosphere c o n t r o l  system was designed, devel-  
oped, and de l ive red  t o  Wright A i r  Development Divis ion which c o n t r o l l e d  the 
composition o f  oxygen and n i t r o g e n  w i t h i n  a capsule  atmosphere. 
c o n t r o l  was capable o f  being s e t  a t  p re s su res  of 14.7, 7.0 and 5.0 p s i a ,  which 
maintaining the  oxygen p a r t i a l  p re s su re  a t  160 mm Hg. 

T o t a l  p re s su re  

Environmental c o n t r o l ,  b rush le s s  dc motors:  I n  the sma l l e r  b r u s h l e s s  dc 
motors t h a t  a r e  p r e s e n t l y  being manufactured, the f i e l d  i s  a permanent magnet 
and the  s t a t o r  s e rves  a s  the armature. Some designs,  such a s  those developed 
by AiResearch Corporation u t i l i z e  a plat inum-cobal t  magnet f o r  t he  f i e l d .  
This magnet is highly r e s i s t a n t  t o  demagnetization and p e r m i t s  t he  design of 
an i r o n - l e s s  armature, which i n  t u r n  p e r m i t s  achievement of e x t r a o r d i n a r i l y  
high e f f i c i e n c i e s .  An example of such a motor i s  one which h a s  been designed 
f o r  t he  Apollo post- landing v e n t i l a t i o n  fan.  

Environmental c o n t r o l ,  carbon dioxide removal: Considerable f l i g h t  exper-  
ience h a s  been gained on Mercury and Gemini f l i g h t s  u s ing  l i t h i u m  hydroxide 
(LiOH) a s  a C02 absorbent .  
r e c e n t l y  been completed us ing  a regenerable  molecular s i e v e  f o r  C02 removal. 
The two-bed system operated on a 30 minute h a l f  c y c l e  without  t h e  n e c e s s i t y  
of high temperature deso rp t ion  cyc le s .  
t e s t e d  a t  NASA, Houston, a s  p a r t  of t he  Apollo App l i ca t ions  Program. 

I n  a d d i t i o n ,  a s u c c e s s f u l  45 day mission has  

This  molecular  s i e v e  assembly w i l l  be 

Environmental c o n t r o l ,  contaminant c o n t r o l :  Contaminant c o n t r o l  u s i n g  a 
c a t a l y t i c  burner h a s  been s t u d i e d  and a development u n i t  f a b r i c a t e d  and t e s t e d .  
Methane conversion e f f i c i e n c y  w a s  eva lua ted  as a f u n c t i o n  of t e s t  parameters.  
i nc lud ing  c a t a l y s t  pois ioning,  c a t a l y s t  temperature,  and thermal performance. 

Cryogenic tankage development by AiResearch Corporat ion inc lude  the Gemini, 
Bios and MOL oxygen tanks,  a s  w e l l  a s  v a r i o u s  in-house R and D programs which 
e x h i b i t  thermal performance parameters approximately equa l  t o  the  requirements 
f o r  the primate program. 
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The Orb i t ing  Primate Spacecraf t  has cons ide rab le  p o t e n t i a l  f o r  extended 
a p p l i c a t i o n s .  A broad spectrum of experiments ranging from eng inee r ing  
development t e s t i n g  a p p l i c a t i o n s  t o  s c i e n t i f i c  experiments i n  t h e  p h y s i c a l ,  
p l a n e t a r y ,  and l i f e  s c i e n c e s  d i s c i p l i n e s  can be accepted and supported f o r  
e a r t h  o r b i t a l  f l i g h t s  of up t o  one year du ra t ion .  

Engineering Experiments 

S t u d i e s  desc r ibed  i n  Volume V I  have revealed t h a t  i n  a d d i t i o n  t o  
t h e  p r ima te  experiment, t h e  fol lowing l i s t e d  engineer ing experiments can 
be added t o  t h e  s p a c e c r a f t  and f u l l y  supported wi th  only r e l a t i v e l y  
minor m o d i f i c a t i o n s  t o  t h e  r e q u i s i t e  subsystems. 

(1) C02 c o n c e n t r a t i o n  u n i t  ( Z e o l i t e  bed) ,  
(2) C02 r e d u c t i o n  u n i t  (Bosch r e a c t o r  o r  S a b a t i e r  r e a c t o r )  
(3) Water e l e c t r o l y s i s  u n i t  t o  convert  water t o  H2 and 02. 

(4) Waste water recovery u n i t .  

(5) U l t r a - v i o l e t / I n f r a - r e d  Gas Analyzer u n i t .  

(6) Atmospheric contaminant a n a l y s i s  experiment. 

B io log ica l  Experiments 

The OPS c a p a b i l i t y  f o r  support ing two small  pr imates  f o r  a one year  
mission can b e  employed t o  support  smaller  animal experiments f o r  pro- 
p o r t i o n a t e l y  longer  pe r iods  o r  l a r g e r  animals f o r  s h o r t e r  pe r iods .  The 
p r o p o r t i o n a l  f a c t o r  i s  dependent upon t h e  me tabo l i c  processes  of t h e  
s e l e c t e d  experimental  animals.  B io log ica l  experiments s tud ied  f o r  a p p l i -  
c a t i o n  t o  the OPS included: 

(1) Automated Primate Research Laboratory,  D r .  N.  Pace, P r i n c i p a l  
I n v e s t i g a t o r ,  Un ive r s i ty  of C a l i f o r n i a ,  Berkeley 

I 
(2) Neurological  Bio-A, W. R. Adey, M.D., P r i n c i p a l  I n v e s t i g a t o r ,  

U n i v e r s i t y  of C a l i f o r n i a ,  Los Angeles 

i (3) Reproductive Bio-A, J. P. Meehan, M.D., P r i n c i p a l  I n v e s t i g a t o r ,  
U n i v e r s i t y  of Southern C a l i f o r n i a  

I (4) Long Term Adaptation t o  a Weightless Environment, J. P. Meehan,M.D,, 
P r i n c i p a l  I n v e s t i g a t o r ,  Un ive r s i ty  of Southern C a l i f o r n i a  

The OPS can accommodate t h e  experiments s tud ied  b u t  some mod i f i ca t ions  
w i l l  be r e q u i r e d .  
dependent upon f u r t h e r  development of t h e  d e s i r e d  experimental  techniques.  

Detai led d e l i n e a t i o n  of t h e  mod i f i ca t ions  r e q u i r e d  is 
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Appl i ca t ions  With S/AAP O r b i t i n g  Laboratory c 

A l t e r n a t e  mission modes f o r  t h e  OPS were s t u d i e d  and s e v e r a l  a t t r a c t i v e  
candidate  a l t e r n a t i v e s  s e l e c t e d .  With t h e  OPS docked t o  one of t h e  r a d i a l  
p o r t s  o f  t h e  o r b i t a l  workshop M u l t i p l e  Docking Adapter,  t h e  primary pr imate  
experiment o r  a l t e r n a t i v e  b i o l o g i c a l  experiments can be conducted u t i l i z i n g  
a s t r o n a u t  p a r t i c i p a t i o n  t o  extend t h e  s c i e n t i f i c  va lue  of t h e  experiments. 

The OPS can be repackaged f o r  mounting around t h e  workshop a i r l o c k  
module and launched w i t h  the SIVB Workshop. 
launch s i m p l i f i e s  t h e  p l ac ing  of t h e  OPS elements  and does n o t  r e q u i r e  
a s t r o n a u t  p a r t i c i p a t i o n  t o  a c t i v a t e  t h e  experiment.  However, a launch and 
o r b i t  i n s e r t i o n  w i t h  a non-functioning experiment (no p r ima tes  on board) 
precludes p o s s i b l e  p r i m a t e  i n j u r y  du r ing  an u n r e s t r a i n e d  launch. Th i s  
second approach would r e q u i r e  t h a t  t h e  p r i m a t e s  be brought i n t o  o r b i t .  
aboard a CSM resupply v e h i c l e  and placement of t h e  animals i n t o  t h e i r  cages 
through a p o r t  i n  t h e  a i r l o c k  module w a l l .  

I n s t a l l i n g  t h e  pr imates  be fo re  

Prepared under Con t rac t  No. NAS1-6972 by 
NORTHROP SYSTEMS LABORATORIES 

Hawthorne, C a l i f o r n i a  

f o r  

Langley Research Center 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

December 1, 1967 
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NSL 67-308 

NSL 67-309 

NSL 67-320 

NSL 67-321 

Orb i t ing  Experiment f o r  Study of Extended Weightlessness 
F i n a l  Report ,  December 1967 (NSL 67-300) 

Volume I Summary 
Volume I1 System D e f i n i t i o n  
Volume 111 Spacecraf t  Prel iminary Design 
Volume I V  Laboratory T e s t  Model 
Volume V Program Plans 

Appendix A Management Plan 
Appendix B Experiment Plan 
Appendix C Engineering Plan 
Appendix D I n t e g r a t e d  Test  Plan 
Appendix E R e l i a b i l i t y  Plan 
Appendix F Q u a l i t y  Assurance Plan 
Appendix G Manufacturing P lan  

Volume V I  Orbi t ing Primate Spacec ra f t  App l i ca t ions  

Mission and Experiment Requirements Digest  

Monthly Progress  Report f o r  March 1967 

Monthly Progress  Report f o r  A p r i l  1967 

Monthly Progress  Report f o r  May 1967 

Monthly Progress  Report f o r  June 1967 

Monthly Progress  Report f o r  J u l y  1967 

Monthly Progress  Report f o r  August 1967 

Monthly Progress  Report f o r  September 1967 

Monthly Progress  Report f o r  October 1967 

Monthly Progress  Report f o r  November 1967 

Monthly Progress  Report f o r  December 1967 

Mission and System Design Requirements Review,April 12, 1967 

System S e l e c t i o n  Review, May 16, 1967 

System S e l e c t i o n  Review, June 1967 

F i n a l  P r e s e n t a t i o n ,  November 1967 

System Trade S t u d i e s ,  May 1967 

Subsystem Trade S t u d i e s ,  June 1967 

Master End I t e m  S p e c i f i c a t i o n  - CP 10000 Orb i t ing  Primate 
Spacec ra f t  , August 1967 

Orb i t ing  Primate Spacecraf t  Drawings, August 1967 
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NSL 67-322 'Component Description - Environmental Control and Waste 
Management, August 1967 

NSL 67-323 Master End Item Specification - CP 20000 Laboratory Test 
Model, August. 1967 

NSL 67-324 Laboratory Test Model Drawings, August 1967 

NSL 67-325 Preliminary Stress Analysis, Baseline Spacecraft, July 1967 

NSL 67-326 Launch Loads Baseline Spacecraft (Confidential), July 1967 
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